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Arctotis arctotoides is a perennial herb used medicinal-
ly for the treatment of various ailments in the Eastern
Cape, South Africa. The n-hexane extract from the
shoots of the herb showed antimicrobial activity against
Bacillus subtilis. Bioassay guided fractionation of the
extract has led to the isolation of two known sesquiter-
pene lactones, 4β, 15-dihydro-3-dehydro-zaluzanin C
and dehydrobrachylaenolide. The structures of the
compounds were elucidated by extensive use of 1D-
and 2D-NMR (1H-1H COSY, HMQC, HMBC) studies. The
antibacterial activity of the two compounds was demon-
strated using bioautographic assay on TLC plates. The
two compounds showed significant antibacterial activi-
ty against Bacillus subtilis, a Gram-positive bacterium.
For many years, plants and herbal products have been used
as major components of therapeutic agents and sources of
chemical diversity in drug discovery. In recent years, there
has been a renewed interest in the field of bioprospecting for
drugs from higher plants. Motivated by the accelerated
search for new active ingredients from plants, we investigat-
ed one of the important medicinal herbs in the Eastern
Cape, Arctotis arctotoides (L.F.) Hoffm.
The herb is a perennial weed commonly found on dis-
turbed lands. According to the indigenous people of the
Eastern Cape, A. arctotoides is widely used among the
Xhosas for the treatment of various diseases and ailments
(Watt and Breyer-Brandwijk 1932). Extracts from this plant
have demonstrated significant activity against bacteria and
fungi (Afolayan 2003). Earlier studies of the species have
resulted in the isolation of sesquiterpene lactones, farnesol
derivatives, β-sitosterol, stigmasterol, lupeyl acetate, and
abietic acid (Dahmy et al. 1985, Tsichritzis et al. 1990). No
information is, however, available on the bioactivity of any of
the compounds isolated from this herb. The purpose of this
study is to isolate bioactive compounds from A. arctotoides
through bioactivity-guided fractionation of its extracts. In
continuation of our phytochemical study on the plant, we
have now investigated the n-hexane extract of the species
and isolated two sesquiterpene lactones, 4β, 15-dihydro-3-
dehydro-zaluzanin C (1) and dehydrobrachylaenolide (2),
both of which possess antibacterial activity.
Material and Methods
Mps: uncorr. UV: Beckman DU-7400 spectrophotometer,
spectra were run in methanol. IR: Perkin Elmer FT-IR spec-
trometer, spectra were determined as liquid films. 1H
(400MHz) and 13C (100.56MHz) NMR: Bruker AMX400,
using the solvent as internal standard. MS: Micromass
70–70E. Vacuum liquid chromatography (VLC): Merck
(7736) silica gel 60H (15μm) and column chromatography
(CC): Merck (7734) silica gel (0.063–0.2mm). TLC and
PTLC: Silica gel Merck F254 pre-coated plates and visualized
by spraying with anisaldehyde-H2SO4 reagent. Gel filtration
chromatography (GFC): Sephadex LH-20 (0.25–1mm).
Plant material
The shoots of A. arctotoides were collected from the natural
population around the University of Fort Hare (UFH) campus
and air-dried. A voucher specimen of the plant (Afol. 99/03)
was deposited at the Giffen Herbarium, UFH.
Antibacterial assays
The antibacterial activity of n-hexane extract and column
fractions resulting from each purification stage was tested
using bioautographic assay (Slusarenko et al. 1989). An
inoculated layer of agar was sprayed over a developed TLC
plate with Bacillus subtilis and plates were incubated for 24h
at 37°C. As an indicator of bacterial growth, 0.2mg ml-1 p-
iodonitrotetrazolium (INT) solution was sprayed over TLC
plates and incubated at 37°C for 30min. The inhibition of
bacterial growth by compounds separated on the TLC plate
was visible as white spots against a deep red background. 
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Extraction and isolation
The dried, ground plant material (492.2g) was extracted by
shaking in ethanol at room temperature for three days. The
extract was filtered and evaporated to a gummy mass in a
rotary evaporator under vacuum at a maximum temperature
of 40°C. The gummy mass (40.4g) was partitioned between
water and n-hexane and the aqueous part was further por-
tioned between ethyl acetate and water. The n-hexane
extract (8.2g) was fractionated by VLC over silica gel, elut-
ing with solvents of increasing polarity to give several frac-
tions. All fractions were tested for their antibacterial activity
using bioautographic assay (Slusarenko et al. 1989). The
bioactive portions were further fractionated using different
chromatographic techniques. The VLC fraction obtained
with 40–45% EtOAc in n-hexane was subsequently subject-
ed to GFC eluting with CHCl3 and then CHCl3-MeOH mix-
tures to give compounds 1 (3.3mg) and 2 (2.8mg).
Results and Discussion
The EtOH extract of the shoots of A. arctotoides which was
initially partitioned between n-hexane and water and later
between ethyl acetate and water, inhibited the growth of
Bacillus subtilis. The bioactive extract yielded two known
sesquiterpene lactones 1 and 2.
The 1H NMR spectrum (Table 1) of 1 showed signals for
two olefinic methylene groups (δ 6.29; d, J = 3.2Hz and 5.57;
d, J = 3.2Hz as well as 5.00 (s) and 4.69 (s)), a doublet for
a secondary methyl group at δ 1.27 (d, J = 6.8Hz), a triplet
for an oxymethine proton at δ 3.97 (t, J = 8.8Hz). A DEPT135
spectrum exhibited the presence of two deshielded methyl-
ene, three shielded methylene and five methine carbon sig-
nals. The 13C spectrum supported this hypothesis and exhib-
ited 15 carbons assignable to the sesquiterpene lactone. It
showed two carbonyl signals at δ 219.16 and 169.90, and a
deshielded oxymethine signal at δ 88.83. Finally, 1H-1H
COSY, one bond (HMQC) and two/three bond (HMBC) 1H-
13C correlation spectra were combined to give the assign-
ment in Table 1 and therefore identified the structure of com-
pound 1 as 4β,15-dihydro-3-dehydro-zaluzanin C. The UV,
IR, EIMS and 1H NMR spectral data of 1 agreed with the lit-
erature, which was isolated previously from aerial parts of
Brachylaena transvaalensis (Bohlmann and Zdero 1982)
and Arctotis revoluta (Bohlmann and Van 1977). 
The 1H NMR spectrum (Table 1) of compound 2 showed
many similarities to 1 except two vinylic protons located in
the α and β position to a carbonyl function δ 6.04 (d, J =
10Hz) and 6.80 (d, J = 10Hz), and a tertiary methyl group
signal at δ 1.06. The DEPT135 spectrum exhibited the pres-
ence of two deshielded methylene and methine, two shield-
ed methylene, and three methine carbon signals. The 13C
spectrum supported this hypothesis and showed the pres-
ence of 15 carbons. It showed a carbonyl signal at δ 187.67,
two deshielded methine carbons at δ 127.54 and 158.38,
which supported their location in the α and β position to a
carbonyl function. It also showed another carbonyl signal at
d170.01 and deshielded oxymethine signal at δ 79.17. The
placement of a methyl group was established from the
HMBC experiment. On this basis, compound 2 was identi-
fied as dehydrobrachylaenolide. The UV, IR, EIMS and 1H
NMR spectral data of 2 agreed with the literature, which was
isolated previously from the aerial parts of Brachylaena
transvaalensis (Bohlmann and Zdero 1982), and an
Australian species, Arctotheca calendula (Tsichritzis et al.
1990). Since the 13C NMR data of 1 and 2 have not been
published before, these are shown in Table 1. Based on
COSY, HMQC, HMBC analysis, the assignments of the 13C
NMR spectrum were made.
In conclusion, two compounds, sesquiterpene lactones,
4β, 15-dihydro-3-dehydro-zaluzanin C (1) and dehydro-
brachylaenolide (2) have been isolated for the first time from
Table 1: NMR data for compounds 1 and 2 (400MHz, δ values in CDCl3)
Position 1H(1) 13C(1) 1H(2) 13C(2)
1 3.09 (ddd, J = 3.2, 7.6, 7.6Hz) 39.87 6.80 (d, J = 10Hz) 158.38
2 2.64 (dd, J = 2.4, 5.2Hz) 43.96 6.04 (d, J = 10Hz) 127.54
2.55 (dd, J = 8.4, 3.2Hz)
3 219.16 187.67
4 2.31 (d, J = 2.4Hz) 47.12 140.43
5 2.29 (ddd, J = 2.4, 7.6, 3.2Hz) 50.72 3.03 (tt, J = 2.4, 2.4Hz) 52.62
6 3.97 (t, J = 8.8Hz) 88.82 4.12 (t, J = 10.8Hz) 79.17
7 3.01 (ddtdd, J = 2.8, 5.6, 3.2Hz) 44.04 2.63 (dddd, J = 3.2, 2.8, 11.2, 8Hz) 49.48
8 2.33 (ddd, J = 2.8, 5.6, 2Hz) 31.83 2.15 (m) 21.17
9 1.48 (dddd, J = 4.4, 5.2, 12.4Hz) 1.69 (d, J = 2.8Hz)
9 2.22 (ddd, J = 4.8, 5.6, 12.8Hz) 38.65 1.45 (dddd, J = 2.8, 5.6,12.8Hz) 36.08
2.61 (td, J = 2.8, 3.6Hz) 1.74 (dd, 2.8, 12.4Hz)
10 148.72 39.68
11 138.79 138.21
12 169.90 170.01
13 6.29 (d, J = 3.2Hz) 121.24 6.15 (d, J = 3.2Hz) 117.69
5.57 (d, J = 3.2Hz) 5.47 (d, J = 3.2Hz)
14 5.00 (s) 113.13 1.06 (s) 19.67
4.69 (s)
15 1.27 (d, J = 6.8Hz) 14.26 6.28 (dd, J = 1.6, 3.6Hz) 122.32
5.72 (dd, J = 0.8, 2.0Hz)
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A. arctotoides, though both have been previously isolated
from other plants (Figure 1). The two compounds are active
against Bacillus subtilis. We intend to correlate the bioactiv-
ity of these pure compounds with clinical trials to ensure
their bioavailability as potential drugs.
Acknowledgements — The authors are grateful to the National
Research Foundation of South Africa for financial support and to the
Department of Chemistry, Rhodes University for the NMR facility.
References
Afolayan AJ (2003) Extracts from the shoots of Arctotis arctotoides
inhibit the growth of bacteria and fungi. Pharmaceutrical Biology
41: 22–25
Bohlmann F, Van LN (1977) Sesquiterpenlactone und polyine aus
der Gattung Arctotis. Phytochemistry 16: 487–488
Bohlmann F, Zdero C (1982) Sesquiterpene lactones from
Brachylaena species. Phytochemistry 21: 647–651
Dahmy SEI, Sarg T, Salem SA, Jakupovic J, Bohlmann F (1985)
New guaianolides and farnesol derivatives from Arctotis arcto-
toides. Planta Medica: 365–367
Slusarenko AJ, Longland AC, Whitehead IM (1989) A convenient,
sensitive and rapid assay for antibacterial activity of phytoalexins.
Botanica Helvetica 99: 203–207
Tsichritzis F, Jakupovic J, Bohlmann F (1990) Sesquiterpene lac-
tones and farnesol derivatives from Arctotis and Arctotheca
species. Phytochemistry 29: 195–203
Watt JM, Breyer-Brandwijk MG (1962) The Medicinal and
Poisonous Plants of Southern Africa. E and S Livingstone,
Edinburgh, pp 1–209








	






















	













Figure 1: The structure of compounds 1 and 2 isolated from A.
arctotoides
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